Several workers (1-5) have reported that crystalline ribonuclease (6) can hydrolyze proteins, but they have not demonstrated whether this was due to an intrinsic property of the ribonuclease molecule or to the presence of impurities. Schneider (7) showed that the inhibitory effect of ribonuclease on suetime dehydrogenase was apparently due to a contaminant (possibly a proteolyric enzyme) in the crystalline ribonuclease. Kunitz (6) noted the possible presence of a small amount of impurities in the sample of ribonuclease used for solubility tests. Experiments in this laboratory have confirmed the presence of proteolytic activity in every sample of crystalline ribonuclease tested and have shown that all of this activity was due to impurities.
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Several workers (1-5) have reported that crystalline ribonuclease (6) can hydrolyze proteins, but they have not demonstrated whether this was due to an intrinsic property of the ribonuclease molecule or to the presence of impurities. Schneider (7) showed that the inhibitory effect of ribonuclease on suetime dehydrogenase was apparently due to a contaminant (possibly a proteolyric enzyme) in the crystalline ribonuclease. Kunitz (6) noted the possible presence of a small amount of impurities in the sample of ribonuclease used for solubility tests. Experiments in this laboratory have confirmed the presence of proteolytic activity in every sample of crystalline ribonuclease tested and have shown that all of this activity was due to impurities.
EXPERYMF.NTAL
Samples of crystalline ribonuclease prepared by the method of Kunitz (6) were tested for their ability to digest denatured hemoglobin (8) . Several representative assays are given in Table I . Every specimen checked showed some protease activity, and many of the samples also manifested additional protease activity after activation with trypsin, thereby indicating the presence of proteolytic precursors. The total quantity of protease activity and the ratio of protease to nuclease activity, however, varied enormously with the different preparations, showing that at least part of the proteolytic activity was due to impurities. This was confirmed by experiments on the differential destruction of the various activities of the ribonuclease preparations. The effect of pH and of salt concentration on the heat inactivation of ribonuclease and its concurrent protease activity is shown in Tables II and III . The data show that the ratio of nuclease to protease activity was not constant and that under very specific conditions it was possible to destroy all the protease activity while leaving the nuclease activity practically intact. Protease activity is therefore not an inherent property of the ribonuclease molecule.
The proteolytic activity of the samples of ribonuclease tested could have been due to contsmination by both chymotrypsin and trypsin, since they were found to clot milk (9) and to hydrolyze benzoyl-l-arginineamidc a (I0). No tests were made for other peptidases. Assuming that one-half of the proteolytic activity was due to trypsin and one-half to chymotrypsin, the median (13), who state, without giving any experimental data, that the proteolytic activity of ribonuclease solutions is destroyed at 80--100°C. at slightly alkaline pH, the ribonuclease activity being unaffected.
value found for the proteolytic impurities was 0.07 per cent, the range varying from 0.02 to 2 per cent. Even these small amounts of contaminants, however, may lead to erroneous conclusions when ribonuclease is used as a specific tool. At least one example of this has already been published (11, 7) . The increase in ability to digest denatured hemoglobin noted in some samples of ribonuclease (14) . after activation with trypsin was not due primarily to chymotrypsinogen, since there was little concurrent increase in milk-clotting ability. Calculated as trypsinogen, this impurity constituted from 0 to 12 per cent of the total protein of the ribonuclease preparations assayed.
DISCUSSION
Ribonuclease is known to be thermostable over a wide range of pH (6) . It has therefore been more or less assumed that, if solutions of ribonuclease are boiled, all contaminants are destroyed but the ribonuclease itself is not affected. Chantrenne (15) , for example, has stated, without giving experimental data, that boiling solutions of ribonuclease for 3 minutes assures the destruction of traces of enzymes which might contaminate the ribonuclease, without affecting the activity of the latter, which is remarkably thermostabie. Sanders (13) has stated similarly that since it has been suggested that even Crystalline ribonuclease has some residual proteolytic activity, owing presumably to adsorbed impurity, this is destroyed by heating the ribonuclease solution to 80°C. for 10 minutes. As noted by Dubos (16) , however, other enzymes (such as lysozyme) may possess physicochemical properties similar to those of ribonuclease.
RIBONUCLEASE CONT.~Mr~ANTS
Trypsin, too, is thermostable under certain conditions (17) . The data of Tables II and III show that the prerequisites for the complete heat destruction of proteolytic contaminants without destruction of the ribonuclease molecule are very specific. Statements such as those of Chantrenne and Sanders would therefore appear to be meaningless, unless the exact conditions (concentration of enzyme, concentration of salt, pH, etc.) under which the heating is done are specified, and the amounts of ribonuclease and its contaminants actually deterrnined.
The difficulties of establishing the purity of enzyme (or other protein) prepaxations are well known. They may be homogeneous in the electrophoresis apparatus and in the ultracentrifuge, and adhere to the phase rule requirements for the solubility of a pure substance, and still contain minute quantities of impurities. Crystalllnity, whether of simple inorganic salts or complex proteins, is certainly not in itself evidence of purity. The data of Table I show that different samples of crystaJline ribonuclease, prepared by identical procedures, vary enormously in the amounts of contaminants they contain. In view of these findings, the dangers inherent in the current widespread and rather indiscriminate use of enzymes as specific tools, without assaying them for all possible interfering impurities, cannot be too strongly emphasized. Had Potter and Albaum (11) , to give just one example, tested their ribonuclease preparation for proteolytic activity, they would probably not have made the unqualified statement that ribonuclease per se inhibited Co I-cytochrome c reductase, succinic dehydrogenase, and cytochrome oxidase.
Methods

1.
Nitrogen.--Assayed by Herriott's colorimetric procedure (18) ; checked in some cases by micro-Kjelduhl.
2. Ribonuclease Activ~ty.--Determmed by Kunitz's uranium-acetate procedure (6).
3. Proteolytic Activity.--Many samples of ribonudease were found to inhibit the action of trypsin, and to a lesser extent that of chymotrypsin, at pH 7 but not at pH 1. It is therefore impossible to determine quantitatively the actual amount of proteolytic activity present in any sample of ribonudease by merely adding an aliquot of a concentrated aqueous solution to a protein substrate. The following procedure has given reproducible results, checked by adding known amounts of trypsin and chymotrypsin to a solution of "proteolytic-free" ribonudease.
Solutions of ribonudease in 0.I N hydrochloric acid containing 0.04 nag. nitrogen per ml. are left at 0-5°C. for 1 hour; then 1 ml. aliquots (without neutrallzcttion) are assayed as described by Anson for the estimation of trypsin (8) , digestion being allowed to proceed for 5, 24, and 72 hours instead of 10 minutes.
4. Potential Proteolytic Activity.--When trypsin was added to some samples of ribonudease it was noted that the proteolytic activity gradually increased owing to proteolytic precursors present as impurities in these samples. The following procedure has been used to give a qualitative assay of the amount of zymogen present.
Mixture of 4 ml. of an aqueous solution of ribonudease containing approximately 1 rag. nitrogen per ml., plus 5 ml. 0.2 xt phosphate buffer pH 7.6, plus 1 ml. of a solution of trypsin, in 0.0025 z~ hydrochloric acid, containing approximately 5 X 10-'[T.U.] •b per ml., are kept at 0-5°C. Aliquots are removed daily, brought to pH 1 by the addition of an equal volume of 0.3 N hydrochloric acid, further diluted as necessary with 0.1 N hydrochloric acid, left at 0-5°C. for 1 hour, then assayed for trypsin by Anson's hemoglobin method (8) . The difference in activity between the sample at zero time and after complete activation (usually 7 days) is taken as the measure of the amount of proteolytic precursor present.
The author was assisted in this work by Miss Ruth Wyman; her contributions are gratefully acknowledged. SUMMARy 1. The ability of crystalline ribonuclease to hydrolyze proteins is due to impurities present in the preparations and not to an intrinsic property of the ribonuclease molecule. The amounts of these impurities vary enormously with different preparations.
2. The dangers inherent in the use of crystalline enzymes as specific tools, without assaying them for all possible interfering impurities, are emphasized.
